Introduction
• In front-back diphthongs, observe attenuation of F2 peak at the 2nd subglottal resonance (AccF2).
• AccF2 ~1350 Hz for males, ~1550 Hz for females.
• Front vowel F2 generally above and back vowel F2 generally below this frequency.
• What divides front and back vowels is uncertain.
• Hypothesis: attenuation is a quantal (Stevens 1989 ) phenomenon for [back] .
• We model this effect, then test if it is quantal in several ways.
• Subglottal system modeled as open tube terminated in lossy compliance.
• Oral cavity modeled as two tubes, sufficiently accurate for vowels.
• Wall impedances not included.
• • Get normal supraglottal poles, subglottal pole-zero pair.
• Pole-zero pair separation depends on oral-subglottal coupling (Z g ).
• Using model, can simulate attenuation in /ai/ diphthong (movie on author's laptop):
Data Collection
• Acoustic, accelerometer data to test hypothesis for individual speakers.
• 7 female, 6 male speakers.
• Native speakers of American English • "hVd, say hVd again ", 5x, for all vowels.
• Same done for British English, Polish, one male speaker each.
Accelerometer Details
• Glued to neck approximately 1 in. above the sternal notch. (Stevens et. al. 1975 
Data Analysis-Monophthongs
• Examined front vowels, F2 clearly above the measured 2 nd sub-glottal resonance for all speakers.
• For back vowels, "hud" F2 is most often near Acc-F2, recorded "hub" to see if /d/ is pulling it up.
• "hub" F2<AccF2 for all but one speaker.
• Possible errors: accelerometer noninvasive, oral-subglottal coupling may shift measured resonance.
Modeling Jumps
• Can successfully model jumps.
• Model parameters can be adjusted to match magnitude, location of jump and attenuation.
• Non-robustness of effect predicted: too much or too little coupling gives no jump.
• Speakers' jump characteristics vary with Z b , Z g. • Shows that suggested quantal phenomena may not occur in practice, can predict via modeling.
Monophthong Statistics
• Are all front/back vowels above/below AccF2 for individual speakers? • Subglottal resonance varies between utterances.
•~160 vowels per speaker, found F2 by hand for all speakers.
• For each vowel, found mean AccF2 using a formant tracker.
Diversion: Acc-F2 Statistics
• AccF2 distribution for each individual speaker across all vowels is gaussian, χ ν 2~1 .
• Variance ~30-60 Hz • No significant differences in AccF2 for different vowels=> AccF2 relatively stable for each speaker.
• Mean values:1280-1450 Hz for males, 1380-1620 for females.
• Agrees with work measuring AccF2 invasively (Cranen & Boves 1987 , Ishizaka et. al. 1976 ).
Significance Testing
• Used all monopthongs for American, British speakers' dialects, plus /e/ from /ei/. • For each speaker: for a given vowel, F2 error=variance of 10 F2 values (5 repetitions), the "vowel group." • AccF2 error=variance of speaker's distribution.
• Tested whether AccF2-F2 significantly (p<.05) positive or negative for each group.
• Back vowel F2<Acc-F2 is "expected," etc.
• 4 categories: significant & expected, nonsignificant & not expected, etc.
• Only groups for certain vowels ever not significant & expected: "hodd," "hoed," hood," "hawed," "hud," "who'd." • Statistics for these vowels across 14 speakers, 78 groups: 
Cross-Linguistic Data
• So far so good, but maybe this is a pattern of American English vowels.
• Anecdotally, British, Polish measurements also follow pattern.
• Can look at how cross-linguistic vowel formant data patterns.
• 44 male, 18 female surveys, >3 speakers.
• 9 back, 7 central, 9 front vowels, different qualities (short, long, breathy, nasal, laryngealized).
• Relatively sharp front/back division.
• To find where, vary the boundary line frequency, plot the error metric.
• Error metric=(# of back vowels>freq) + (3*# of front vowels<freq).
• Somewhat arbitrary -front vowels must "count" more because back vowels tend to front (much more common than backing diachronically), more lax vowels (less peripheral) are back.
